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§39. Third Harmonic ECH Experiments 
Shimozuma, T., Idei, H., Kubo, S. 
Effective third harmonic heating of the electron cy-
clotron resonance (ECR) has been achieved on the 2 
Tesla LHD plasma by an injection of 168 GHz millime-
ter wave power from top side antennas [1]. Total power 
of 340kW was injected into a target plasma produced by 
neutral beam injection (NBI) heating only. Increment of 
a central electron temperature Teo was about 0.2 keV for 
the target plasma with electron temperature and aver-
age density are 1.5 keV and 1.5 x 1019m-3 , respectively 
at about 2 T on the magnetic axis (3.6 m). 
In order to evaluate the absorption rate, optical 
thickness T of given electron temperature and density 
is calculated along a straight ray path in the LHD mag-
netic field configuration. An extraordinary (X) wave 
is assumed to be perpendicularly injected from top 
side antenna and is focused on the equatorial plane 
of the plasma. Figure 1 shows a focal point depen-
dence of the absorption rate Pabs /Pin = 1 - exp( -T). 
The electron density n 0 is assumed to be constant of 
1.58 x 1019m-3 in the whole plasma cross section. On 
the other hand, the profile of the electron temperature 
is assumed Teo x (1 - p2 ) 2 and the central values Teo 
are changed as indicated in the figure. The absorption 
profile has a maximum inside from the 3rd ECR rather 
than at the resonance because of the relativistic effect. 
During the 4th campaign of the LHD experiments, 
heating efficiency for the positions of focal point of the 
incident wave beam was examined. A target plasma was 
produced by NBI only as before and its Teo and line aver-
aged electron density ne were< 1keV and 1.5 x 1019m-3 , 
respectively. The 3rd harmonic resonance was fixed on 
the magnetic axis of 3.75m. The beam focal point on 
the equatorial plane was changed from 3.6 to 3.8m on 
shot by shot basis. Absorption power which was calcu-
lated by the rate-of-change analysis of a plasma stored 
energy Wp at ECH turn-on and -off timings was plot-
ted as a function of the focal point positions in Fig.2. 
A tendency that an absorption maximum exists at the 
higher magnetic field side is recognized, though the ab-
sorption profile is wider than the calculation. This could 
attribute to a finite beam size and refraction of the ray 
trajectories. 
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Fig. 1: Calculation results of EC wave absorption rate 
as a function of beam focal positions for several electron 
temperature on the plasma center. Optical thickness is 
calculated on the basis of the linear theory. 
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Fig. 2: Experimental results in which wave absorbed 
power is plotted to the focal point position on the equa-
torial plane. The absorption power is evaluated by the 
rate-of-change analysis of the plasma stored energy. The 
open circles correspond to the values evaluated at ECH 
turn-on timing and close circles to ECH turn-off timing. 
